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1. GENERAL 


1.1 This section provides REA borrowers, consulting engineers and other 
interested parties with information in the design, installation and 

operation of REA borrowers' telephone systems. In particular, this section 
covers electrical protection practices recommended for electronic analog and 
digital central offices. The practices are also applicable to digital remote 
switching terminals housed in central office type buildings. 

1.2 This section, replacing Issue 5, dated August 1980, has been revised 
to present the concepts of single-point ground systems. The single- 
point ground system isolates the electronic switching equipment from all 
elements of the total central office grounding system except at a single 
point. This isolation minimizes the flow of potentially damaging currents. 

1.3 Electronic switching systems are susceptible to excessive induced 
transient voltages which may be introduced through incoming circuits, 

the central office grounding system, dr by electrostatic action. The inherent 
voltage sensitive characteristics of electronic switching systems are due 
primarily to the fragile nature of semiconductor components and their fast 
transient response characteristics. Semiconductors typically have low 
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breakdown voltage ratings and can be permanently damaged by excessive voltage 
spikes. 

1.4 The basic grounding system discussed in this section is designed for 
application in the single floor office buildings typical in the sytems 

of REA borrowers. This section may be utilized as described in paragraph 14 
to improve protection of electromechanical switching systems that have power 
and lightning surge related problems. 

1.5 The single point grounding system described in this section is designed 
to meet the protection requirements of most central office equipment 

manufacturers. No deviation should be made from the described method unless 
there are compelling reasons for change. (See Paragraph 1.6). 

1.6 Some central office equipment manufacturers may request grounding 
systems exceeding those recommended herein. These might include a 

rigid, low maximum resistance requirement for the central office ground field 
or various forms of extraordinary lightning protection. The costs of 
providing and maintaining these features can be quite high. 

1.7 This discussion of central office grounding systems is essentially based 
on resistance since this is a primary parameter that is readily under- 
stood. However, the essential factor in building and switching system 
protection is the grounding system impedance, especially the reactance 
component, of the grounding conductors. The general guidelines presented in 
this practice are based on providing a system having a relatively low overall 
impedance to the flow of lightning and power fault currents. 

2. DEFINITIONS 


2.1 The following terms are defined as an aid to understanding their usage 
in this section. They are terms commonly used for describing telephone 

central office grounding systems. Different terms have been used by 
individual manufacturers and operating companies other than those commonly 
used. Such terms are included in parentheses at the end of each definition, 
where applicable. 

2.2 BUILDING STRUCTURAL GROUND: a ground bond connected to structural steel 
and/or reinforcing steel rods contained within the building walls, 

roofs, floors, footings, or foundations. 

2.3 CABLE ENTRANCE GROUND BAR (CEGB): a copper ground bar provided for the 
purpose of terminating incoming telephone cable shields on a common 

connection point. The bar is normally located close to the entrance location. 
(CABLE VAULT GROUND BAR). 

2.4 CENTRAL OFFICE GROUND FIELD (COGF): a series of interconnected ground 
rods, buried perimeter cable or a metallic well casing for provision of 

a low resistance path to earth ground. (CENTRAL OFFICE GROUND GRID). 
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2.5 COLLOCATED SWITCHING SYSTEM: two or more separate switching systems, 
at a single location. 

2.6 ELECTROSTATIC DISCHARGE (ESD) PROTECTION: protection required to 
minimize electronic component damage related to static voltage 

discharges. Static charges are typically generated by moving personnel or 
moving air in a work area where relative humidity is low. 

2.7 FUSE LINK: a length of fine gauge wire in series with a larger gauge 
wire, for the purpose of “fusing" open during a current-surge condition. 

This element normally provides protection from currents which could otherwise 
heat conductors and start fires. 

2.8 GREEN WIRE GROUND (GWG): a normally noncurrent carrying conductor 
provided for the protection of personnel and equipment. The green color 

code distinguishes the lead from the current carrying grounded conductors 
(neutrals) which are natural, gray or white. (EQUIPMENT GROUNDING CONDUCTOR) 

2.9 GROUND LOOP: ground loops exist when there is more than one electrical 
path from a point in a circuit to a reference ground connection. Such 

parallel paths to ground are normally not a problem if associated with the 
nonsensitive circuitry located outside the I6Z, Ground loops are undesirable 
for equipment located inside the IGZ. 

2.10 GROUND WINDOW BAR (GWB): a copper ground bar provided for the common 
connection of all equipment located inside the Isolated Ground Zone 

(IGZ), see paragraph 2.8. (GROUND WINDOW GROUND BAR, MAIN GROUND BAR, GROUND 
WINDOW SPLICE PLATE). 

2.11 INSULATING JOINTS: nonconducting inserts provided at specified points 
in metal framework of equipment located inside the IGZ. These are 

provided for the purpose of insulating the IGZ equipment from outside ground 
connections. 

2.12 INTERMEDIATE GROUND BAR (IGB): a copper ground bar, insulated from its 
support used as a distributing point for a ground wire from the Master 

Ground Bar (MGB) (see paragraph 2.10) to be connected to several racks or 
frames of equipment, usually in the non-IGZ area, but not to include battery 
(t) from the main power board, 

2.13 ISOLATED GROUND ZONE (IGZ): a dedicated area within an office building 
wherein all equipment is electrically insulated from all external 

grounds except through a single ground connection between the GWB and the MGB. 
The isolated area should preferably extend a minimum of six feet (1.8 meters) 
on all sides from the equipment frames and framework and where practical be 
separated from other equipment by permanent walls. The IGZ will normally 
house sensitive electronic components. (ISOLATED AREA). 

2.14 MAIN DISTRIBUTING FRAME (MDF): a distributing frame where outside 
plant cables are terminated on vertical protection assemblies. Cable 



REA TE&CM 810 
Page 4 


pairs are also cross-connected on this frame to CO line equipment terminated 
on horizontal blocks. 


2.15 MASTER GROUND BAR (MGB): a copper ground bar used as single point con- 
nection for surge producers, surge absorbers, non-IGZ equipment 
grounds, and IGZ equipment grounds. The MGB is normally non-current carrvino 
and isolated from the building/structural ground. ^ ® 

MDE GROUND BAR (MDFB): a copper ground bar typically provided at the 

connection point for tip cable shields 
and MDF protector assemblies. The MDFB may be used as an MGB In small 
offices. (ENTRANCE CABLE PROTECTOR BAR). 


2.17 


2.18 


MDF PROTECTOR ASSEMBLY: an assembly consisting of a protector 
module and a connector module. 


WATER SYSTEM: a public or private water system that Includes 
ipn an outdoor section or burled metallic water pipe at least 10 feet in 
length and owned by the telephone company, 

2.19 MULTIGROUNDED NEUTRAL (MGN); a power distribution system which 

than throngh accidental contact „tth sens?Jlve ett^onlfcoI^oKs^ 

Sally'’thrHGB?*'provide’a°zero"ref^^*™ utilizing a single point, 
entire office switching system. While the volta2rj°fM^^^^ ground for an 
may rise above zero volts-to-earth orLnS ./S ^ S ^ connection point ‘ 
switching system will also ?1se at thrslrJafP^fo 

_ ''«'t*'>"^t*rTOti*lartrS?ound“''A*S?o5nd1nq'*el'' * ton- 

Wtthe power system ™„lt1gro„„d neuE?;i 



REA TE&CM 810 
Page 5 


2.23 SURGE PRODUCERS (P): connections to metallic sources of lightning 
and/or power surges. For example, radio/microwave towers, telephone 
cable shields, telephone cable pairs and power system conductors. 

3. SINGLE POINT GROUNDING 

3.1 Single-point grounding is based on several related principles. There is 
a need to control the high voltage differences which are produced 

between the ends of single conductors such as copper wires and busbars by fast 
rising electrical surges. Reference Appendix A for a discussion of the 
voltage effects from rising surge currents. 

3.2 Surge potentials need to be equalized through controlled bonding of 
central office ground elements. Among these ground elements (see 

Figure 1) are: 

a - Surge Producers (P) 
b - Surge Absorbers (A) 
c - Non-IGZ equipment grounds (N) 
d - IGZ equipment grounds (I) 

3.3 Single-point grounding is used to reduce voltage differences and control 
surge currents. The basic elements of a single point grounding system 

include the following: 

3.3.1 A Master Ground Bar (MGB) with connections grouped to confine 
lightning and power surge activity. This is also the point for 

establishing a common reference plane, with respect to earth ground, for the 
entire central office. 

3.3.2 A Ground Window Bar (6WB) for establishment of a single local 
reference point for grounding sensitive electronic equipment within 

the IGZ. Section I (see paragraph 4) of the MGB provides a single-point 
termination and ground reference to which the GWB and associated electronic 
equipment are bonded. 

3.3.3 An Isolated Ground Zone (IGZ) surrounding the electronic switch and 
other sensitive electronic equipment. The IGZ will consistently have 

the reference to ground as the GWB. 

3.4 A high voltage rise can occur between the point of strike and point(s) 
of dissipation under momentary large surge conditions, such as those 
resulting from direct or indirect lightning strikes to cable or other outside 
plant connected to the MGB, The MGB bonding configurations illustrated in 
Figure 1 and 6 enable high current surges to be concentrated and dissipated 
through the P and A sections of the bar. This maintains the lowest possible 
potential at the point of MGB-GWB connection. The connection sequence of 
P-A-N-I as shown in Figure 1 is very important to the overall protection 
effectiveness. 
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3.5 All equipment located within the IGZ electrically floats at P«:<iPnti^.nv 
the same potential as the GW8 when the single-point groundina mnrpnf 
used.^ When all switch modules are operating at the same potential no ^ 
eli*mi^at appear across sensitive components and surge currents are 

4. master ground bar fMGB) 

4.1 The MGB is the hub of the basic central office groundina system used ac 
a common point of connection for the P-surge producers and A-surar 

absorbers, as well as the equipment grounds for both the N-nonisolated^and l- 
isolated equipment areas. Sizing of ground conductors is discussed in 

® copper bar insulated from its support. The MGB mav 
be located either on a wall near the MDF, or on the cable vault wall In ^ 
small offices it may be located on the MDF as described in Paraqraoh'A 2 2 
The various connections to the MGB should be tagged or stencilled to identifv 
each as described in Paragraph 8.3. identify 

4.2 Surge Producers {P Section of MGB): The MGB is the preferred con- 
nection point for surge producers. ^rerrea con 

cable shields shou Id be bonded 

Tho rrcft Jr ^ offices where a cable vault has been provided 

The CEGB is connected by the most direct route to the MGB. The CEGB ic; a 
copper bar insulated from its support. ^ ® 

Insulated ^'’''angemcnt. The MDFB may be 

insulated from its support as required by the manufacturer. 

Sob a’?3 I'ZhZ tb3sS"!!l*t®Ti''di Indoor cabinets 

rsi 

the dedicated aroundinn Surge voltages should be equalized by bonding 

ou?s 33 ?he bu M ’f3r d3J31u3i* S"-™"'' 

connection 1s“3i3Sse5^S'^3?3S3Ip31!3!2^r4!33^3?3''‘ protection. This 

between thTstandbv n33!'3'''’i'' ^ connection should be provided 

framework voltages for safetv°reasn3r* equalize 

uages Tor safety reasons. When the standby power plant is 
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located in a separate building from the electronic equipment an earth 
electrode should be installed and connected to the standby power plant 
framework . 

4.3 Surge Absorbers (The A section of MGB); The MGB 1s -also the preferred 
connection point for the three primary surge absorbers. They are the 
power system multigrounded neutral, the central office ground field and the 
metallic water system. Bonding of the power neutral and water pipe, on the 
MGB does not replace the requirements of the National Electrical Code for 
separately bonding the commercial power service. 

4.3.1 Multigrounded Neutral (MGN): The MGN with its multiple connections 
to earth throughout the power system normally has a low resistance to 

earth ground. Because of this low resistance it may be the most important 
ground connected to the MGB. The low resistance to earth ground makes it an 
excellent surge absorber. The MGN may occasionally become a momentary surge 
producer due to nearby lightning strikes or power system transients. Refer to 
Paragraph 8 for a discussion of ground system conductor sizes. In any case 
the ground conductor between the MGN and the MGB should be the same size or 
larger than the commercial MGN service entrance conductor to the building. 

4. 3. 1.1 Occasionally a non-MGN power system (e.g., delta or unigrounded wye 
system) will be encountered. A bond is still required between the 

local power ground electrode and the MGB. Non-MGN systems do not qualify as 
primary surge absorbers. They must therefore be excluded from the calcu- 
lations of ground resistance discussed in Paragraph 4.6.1. 

4.3.2 Central Office Ground Field: The outdoor portion of the ground con- 
ductors connecting the central office ground field to the MGB should 
be buried a minimum 2.5 ft. (0.76m) below finished soil grade and enter the 
building through a nonmetal lie conduit. The conductor should be placed in a 
straight line with no splices to reduce the impedance to fast rising surges. 
See Paragraph 8 for a discussion of ground conductors. When lightning rods 
and/or radio/microwave. towers are provided these should be connected to the 
cent»-al office ground field outside the building as described below. 

4. 3. 2.1 Lightning Rod Ground: Lightning rod systems are grounded via a 
separate dedicated ground field. A bond should be provided between 

the cei*itral office and lightning rod ground fields, to minimize inductive 
noise coupling, reduce the chance of flashover, and provide protection for 
personnGl snd equipment# The connection point between the two ground fields 
should be accessible to permit temporary disconnection for^earth resistance 
measurements. The preferred location for this connection is where the 
conductor between the central office ground field and the MGB is connected to 
the ground field. An easily accessible, permanent handhole closure is recom- 
mended for this connection. The conductors should follow the most direct 
route with a minimum of bends. See Figures 2 and 6. 

4. 3. 2. 2 Radio/Microwave Tower .Ground: A bond should be provided between the 
central office ground field and the rad io/microwave tower ground for 
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the same reasons discussed above. Ail provisions for this grounding should be 
identical to those described in Paragraph 4. 3. 2.1. Where both lightning rod 
and tower ground systems exist, both systems may be connected to the central 
office ground field in the same handhole closure. 


4.3.3 Central Office Metallic Water System: It is important to bond to the 
M metallic water system, where one exists, to comply with 

National Electrical Code (NEC) requirements. This also provides an additional 
low resistance connection to earth ground. When no water system is present in 
the building, this ground connection may be omitted. If the central office 
water system entrance piping includes at least 10 ft. (3m) of buried metallic 
pipe in direct contact with earth (1981 NEC Articles 250-80 and 250-81) from 
either a drilled well or public water system it will qualify as a metallk 
water system. The water system metallic entrance pipe must also be owned and 
Telephone Company If used as a primary surge absorber • 

cvcfom should be made to the main entrance pipe of the 'water 

system. When there is a water meter or insulating joint in the pipe a bvDas<; 

Nat1onal'’Ellctri«rSode"/'®"''' ® 

Structural steel used in Lm^buiidSi^ building footings, 

equipment frames installed in the buildinf differences from 

rise in voltage due to current surges tSah^hf ?9u1pment frames 

to steel column anchor boltrat^each f^oo?/r^nf^V°^* 

steel columns should be made between tho ^ Coiifiection to the 

Ground wire connections should hrmade^diPectlft^^+hr ^i!® 

const™ot,on of new neinfonced ootans 

connections to the N sSton prelent oon.Se'diJl'’"' The 

racks, etc. in the non-IGZ arL Wn« differences between equipment 
personnel 1 n the buildi g a?e therebJ^ef^e^M,"!? ""S ftiock hazards for 
frames. Ironwork, and other LoosId Lf 1^5*’ minimized. All equipment 

energized are bonded to the “Traces that could berorae 

connection for equalizing volL™. The N section Ik alsHhe 
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equalizing voltage differences. 

4 5 IGZ Grounds (I Section of MGB): The I section of the 
‘ should have the least voltage variation of any section a ong this groun 

bar. All ground connections to the GWBs are made in this section. 

4.6 Ground Resistance Objective; Reasonable effort to meet the objective^^ 
nrniind resistance is an important factor in implementing a s^ 9 P 

grounding system. InstalUtion of a ?!ES“"\^ero/q?o2nd fields 

building foundation perimeter is recommended. Other twes g , . 

are acceptable where the ground resistance objective can be met (reference 

Paragraph 4.6.2). 

Whlre^all th?irp? 1 marrsu?ge lbsorbtrafe%J™ 1 ded'ara°central''off 1 ce.^the 
pjrcfnJra^^offire bSlldlngs SrFiy°t^u?5dT^s??ps%r/£an^ 

re^555r5lfP“55l55lngs?="T5i;almrI5afurrd^ 

drte™i5ing*^1f''lt°1s 5?act1?yto Ittemp/alhieSinnbe five-ohm objective 
Where thrm2s5?ed value of the ground field alone Is between 
resistanc . fiiv'ther efforts to reduce the resistance is not recom- 

T e wo? ’reqS^ed irreS ce tSl resI stance an additional one- or two- 
Sf could be «ryl5pens1ve. When the actual measured resistance exceeds 25- 
nhmQ additional effort should be made to reduce the resistance. Earth 
resistivity measurements should be completed at various 

?!:r?5p55llm?5I'lrtl5ire??d’?irift5?L“;^ra??5‘5rsefS ??Jo?ded results 
5f thS^raeasurements shSuld be completed for various ground configuration and 
?lect?o“ lengths. The results of these calculations will indicate the 
probability of attaining the objective ground resistance, (Reference TE CM 
Section 802). 

4. 6. 2.1 Following are some techniques which may reduce the central office 
ground field resistance: 

, a, Attach to building rebar ground. 

b. Drive extended or sectional ground rods to a depth 
of up to 32 ft. (9.75m). 

c. Establish a second ground field. ^ 

d Install one or more 6 to 10-inch (15.2 to 25.4^cnii) well 

casings. These shbuld extend b^)qw the water t^ble level. 
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4. 6. 2. 2 Application of chemical soil treatment, as described in TE&CM 
Section 802, is not recommended. Chemical treatment is not 

periodically be renewed. Where chemically enhanced qroundQ 
are used a program should be initiated to measure the ground resistance^at Siv 
month intervals to insure they are all still effective. 

of the ce ntral office ground f ield should be deter- 
- Jlljined prior to se lecting the specific equipment for ingtaliaiHrm — xho 
equipment should be advised when the five-ohm central "office^ 
objective cannot be achieved by established methods. Where 
measures must be taken to protect the equipment warranty tho 
added costs should be considered as descHbed in ParagM^rf.e ^ 

5. 


CENTRAL OFFICE GROUND WINDOW BUSBAR (fiWR) 
tho originate inside the IGZ are terminated nn 

SSisE? a-idrSrSESnSS s 

r^fr* Zl “ n*3fnTco*du?^o*? JhoJw 

with a resistance of less than 0 nni; nhmc ^ 2/0-gauge or coarser copper 

of parallel conductor ?or «duntacv ?raccIS?Ih?r“ “) The use 

facturer. reaunoancy is acceptable as required by the manu- 

defcMSeT?rPaJ™;"h’‘^^I.™ identified as 

Se‘21NlS1^2^r^r’r?i --dieted 

GWB as may be required by the equiolii ^nt "Unf connected to the 

not limited to those iteJIs descJlff In* *’"* 

- days, otc.rSld''brconnected*to"the^Gl5B"* Tcninea. cabinets, 

recom,endations for establishing these connect1o„^sh^uw"'b^fo5io“wlS!* 

that’olti“*™'^’“'d«t:‘a“^^X?i’vl*^ Plates,' trans- 

M SnJ'!® douer from the main power plant equipment 

SpiiXlfh""' -co«ndationsVo: fh^^ulp^^VilSu^L^rr'^^^^ulS b*e^' 
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5.5.3 The manufacturer's instructions on isolation of the battery charger 
framework ground from the internal positive {+) chassis connection 
should be followed. 


5.5.4 The a-c conductors including the protective ground conductors serving 
all 120 volt a-c electrical convenience receptacles and all direct 
wire peripheral equipment, located in the IGZ, should be sized in accordance 
with normal "green wire" criteria. Each termination point should be tagged to 
indicate the green wire is a 6WB isolated ground wire._ The manufacturer's 
recommendation for the metallic racks within the IGZ will determine how the 
green wire is handled in the IGZ. The metallic racks may be insulated from 
the concrete floors and reinforcing steel or connected to it. Routing of the 
a-c conduit and protective green wire ground in the manner described below 
insures compliance with National Electrical Code requirements. 


5. 5. 4.1 Racks insulated from building; The conduit carrying 120 volt a-c 
conductors into the IGZ should be routed to a junction box located 
adjacent to the GWB. The green wire should be solidly connected to the 
junction box and a wire connection established between the junction box and 
the GWB. Use of metallic or non-metallic conduit for extending and bonding 
the a-c conductors into the IGZ is at the option of the manufacturer. Where ^ 
metallic conduit is used care should be taken during installation to assure it 
is insulated from foreign grounds (building structural steel and reinforced 
concrete members) beyond the GWB. There is no need to install isolated qp nae 
convsniGficG rGCGptaclGS with this configuration sincG GVGrything bGyond thG 
GWB in the IGZ is at GWB ground potential. Isolated a-c ground convenience 
receptacles may be installed as required by the manufacturer. 


5. 5.4. 2 Racks not insulated from building: The conduit carrying 120 volt 
a-c conductors into the IGZ should be routed directly to the 
metallic racks. Since these racks are at the same ground potential as the 
conduit and green wire by being connected to the reinforced concrete floor 
there should be no connection to the GWB. Isolated a-c ground convenience 
receptacles may be installed as required by the manufacturer. Equipment in 
the IGZ should be isolated from the metallic racks which are not isolated from 
building grounds. 


5.5.5 Where overhead lighting fixtures located in the IGB are an i'^tegral 

part of or are in electrical contact with the equipment frame(s), the 
associated green protective ground wires should be connected to the GWB 
isolated ground wire system. For convenience, they may also be connected to 
the GWB where the connections above do not exist. All fixtures connected to 
the GWB system need to be isolated from building structural steel and 
reinforced concrete members. Green wires associated with lighting fixtures 
having no electrical contact with the equipment frames may be connected in the 
conventional way to the a-c distribution panel ground. 

556 The protective grounds for teletypewriters, cathode ray tube consoles, 
test equipment artd other a-c powered devices located or used within 
the IGZ area are normally provided by the green wire leads in the attached 
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power cords. The green wire pins should not be removed from the 3-w1re dowp. 
cords of such equipment and 2 -wire adapters should not be used. 

5.5.7 Every precaution should be taken to Insure the integrity of the 

IGZ. No foreign grounds should be permitted to come into contarf ..n- 

S as1„“d?cat‘e5\f 

ISOLATED GROUND ZONE flGZ) 

6.1 An isolated ground zone is defined in Paragraph 2.8. 

6.1.1 If practical, permanent markers should be olaced nn the 4 . 

as orange sKould be nlS.”™"'""'’®'’ tUstlnctlw colw such 

def “""actions are^Sittertrcrosf the IGz'"r^"d 

defined in Paragraph 5. 5. 4 , 2. cross the IGZ boundary except as 

I?ulJSert iKsoliatlS'nlHnhrJJ? office 

bonded In accordance with the manufLturpK'^c^ should be Installed and 

the^Ur'^^h^sieThts 

MIN DISTRI BUTING PRAMF /Mnp| 

, *"0<»>ng^surges"’Ld'’prm1de*D?SterK required at the MOF to control 

Kh^e- 

7 11 MHF ^ ” cases* 

1nterconn;£'9h"^^^ 

surge currents eL conductor to proJidrf be 

connected to the MDFB withT#fi^*'°'^'^ Protector assLbl?ersho(nH^? 
connection to the MDFR^JJ conductor. Alter^.ff 

for conducting sSrqrLrrpnr^f ’^bich do ^ot relv 

a surge currents to ground. °b ^be frame Ironwork 

7.1.3 D“*-a- • • 


for 


f "pereS^ WIFB 

less than 12 in, f 3 o rm\ •? i ^ P^^otective qrounH of the tvpe 

Of connection, to the op£hJ 

<' I on Should be provided for 
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every 35 ft. (10 m) of frame length. 

7.1.4 Where the MDFB is used as the MGB in very small offices (Paragraph 

4.2.2) the protective "ground connections" (paragraph 7.1.3) should be 
connected in the N section of the bar. The MDF protector ground should be 
connected to the P section of the bar. 

7.2 Transmission equipment termination and protection: Digital carrier 

equipment and sensitive electronic pair gain systems should normally be 
located inside the IGZ. Some carrier equipment has internal gas tubes for 
bypassing voltage surges to ground. Equipment of this type should be located 
outside the IGZ'. Analog subscriber and station carrier equipment, voice 
frequency repeaters and loop extenders are normally located outside the IGZ. 

All equipment frames located outside the IGZ should be grounded through 
connections at the N section of the MGB. The equipment located inside the IGZ 
should be grounded to the GWB. 

7.2.1 Protectors for all carrier equipment are normally located on the MDF. 

An exception may be made to this rule. The protectors for some toll 

carrier entrance cables are mounted in the carrier bays located in a non-IGZ 
area. 

7. 2. 1.1 The termination of analog and digital type toll carrier systems on 
the same protector assembly is not advisable. This practice 

minimizes coupling that can produce analog carrier circuit noise. 

7. 2. 1.2 Shields of intra-office cable connecting the MDF to carrier equip- 
ment bays should be open at the MDF end and grounded at one point to 

the MGB or GWB. This grounding arrangement provides electrostatic shielding 
and maintains GWB integrity. 

7. 2. 1.3 Separation of the transmit and receive sides of the cable for 
T-carrier systems should be maintained. This may be accomplished 

by using compartmental separation or separate transmit and receive cables all 
the way to the MDF protector assembly. Between that point and the carrier 
equipment the separation is usually maintained through use of shielded 
jumpers, separate shielded transmit and receive cables, or multipair cables 
with individually shielded pairs. 

7.3 Entrance and Tip Cables: The most important characteristics of tip 
cables, from a protection standpoint, are resistance to flammability and 

ease of termination. They should also be chemically compatible (i.e., should 
not chemically react) with the outside plant cables. They should be gauged as 
described in Paragraph 7.3.2. 

7.3.1 Most REA accepted polyvinyl chloride (PVC) insulations and jacket 

formulations used in telephone cables have adequate flame resistance. 
They can, however, be destructively damaged chemically by cable filling com- 
pounds that are in common use. Polypropylene and polyethylene insulation, 
polyethylene jackets, and some filling compound types will promote combustion. 
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!Jse of filled cables in switchboard rooms should be avm*d<3(^ rii,^ 

cables ’(or'ot'her iJsJlatLrwith^eqJi Ja"le^ Insulated an^jacketed 

flame resistance) are nro-fm^i^oa 


tatjfes or other insulation with emiivfllpnf fiam« 4. i ^ Jci^-Kecet 
for use inside central offL build inos .nd preferred 

compatibility reasons, polyethylene grease flow 

and petroleum jelly (petrolatums) fi?led cables ?hnnS Polyethylene) 

attac. an. t.e,> te„dX“t" Sr^?[tt‘?raV?:;ti:^eV^- 
7 . 3.2 The recommended orecedurp fpv« ..'a-u 

oatside pla-2?“?a\fL:t\^„^ r^j’t’ld 

"’'p^fa«'o“?‘';?L"?aw'" thoae i’vI lent'' 

nc Ipdpd in the REA L?*t „f £la?s aho, ’ 

tTiiLc\id";?h'e fwZc “e'tfTsr"*' 

imrodiate vicinity of the snlirp^f+L^u®’ compound. It may crack in fhn 

co5er^•!Ig''wi?^7L^^f,.J5® PoTethylene I'nJJlatiSrSn’th^^wire?^ sometime. 
-IPated „f[pa S i" Mel 

7.3.3 If the first spph .. ^’esistant. 


7.3.3 

he tween 
fuse lii 
shown ii 
There foj 


If the first sections „f m 

than 


mm -nl-oie or pedestJi^o^S’^ Xr 

;s.T - rJ“S.- s.:f 

'•'•oteetton: inm ■ 
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7.4.1 Cable pairs associated with carrier, loop extenders, voice frequency 
repeaters, special circuits or "stand alone" tone-to-pulse converters 

should be protected with orange coded gas tube protector modules. This equip- 
ment is tested to withstand only the maximum voltage passed by these modules. 
Past experience with most electronic equipment has shown there is very little 
margin above the test level. Other types of special high voltage gap 
protection as recommended by the equipment manufacturer are acceptable. 

7.4.2 Electromechanical central office equipment has generally had an 
adequate dielectric strength margin to withstand more than the maximum 

voltage passed by listed arrestors. Because of this there have beer instances 
where blue coded carbon block arrestors were used (contrary to REA recom- 
mendations) without causing problems. However, there have been reports of 
electronic equipment failures in these same offices equipped with blue coded 
arrestors. The replacement of existing blue coded with white coded carbon 
block arrestors is essential when an existing mainframe is retained for 
protection of a new electronic digital switch. 

7.5 Current Limitation: Mainframe protectors which are included in the 
"List of Materials Acceptable for use on Telephone Systems of REA 

Borrowers (Item nm) are capable of carrying, without hazard, the sustained 
current which may result from commercial a-c power contacts to outside plant 
cable having 22-gauge or finer wire. There are a number of MDF protectors 
available on the market which do not have adequate current carrying 
capability. It is important that the borrower's engineer ascertain that the 
MDF protectors delivered by the COE contractor are actually on the List of 
Materials. 

7.6 Heat Coils: Since 1966 REA has strongly recommended that MDF pro- 
tectors be furnished without heat coils. Historically, heat coils were 

used as protection against current surges. Laboratory tests have proven that 
heat coils do not protect line relays under the large majority of fault 
current conditions that can occur in actual telephone systems. Further, heat 
coils and fuse links offer little, if any, protection for today's electronic 
switching components. Since heat coils are "high maintenance" items compared 
to fuse links, the latter are preferred for meeting National Electrical Code 
objectives in the C.O, Heat coils should not be used with carrier frequency 
pairs due to high frequency attenuation. The addition of heat coils increases 
the cost of the telephone system with virtually no protection benefits. 

8. GROUND CONDUCTOR SIZING. ROUTING AND TERMINATING 

8.1 The point of reference for sizing all protective ground conductors 
except green wire conductors and dc power conductors is the MGB. To 
determine the appropriate conductor size first establish the distance between 
the two points of connection via the desired route (i.e., between the MGB and 
CEGB). Next refer to Figure 6 to determine the resistance objective between 
the two points. Finally from Table A find the wire size with a maximum 
footage for the desired resistance objective equal to or greater than the wire 
distance between the two points. Use of Table A or calculated resistance 



REA TE&CM 810 
Page 16 


values are permissible in lieu of measurement. The oeneral auidpHnoo a 
following paragraphs are also recommended. general guidelines in the 

8.1.1 The finest recommended conductor size is 6-gauqe excent fn^’ 

14-ga.ge protective grounds at the HDF desc?tbfd’in paragraph 7 !l. 3 . 

cJ:rs“??“1h°: LlSJlitfpr’oWd* »'•' 

protective ground conductors onlv - nSt fn h J Pa^;ag^'aph pertains to 
resistance of this conduc?o7 stL 

ground bar i„ the a-c 

matMun, resistance of this conductor should n5'iLeld?00°5 ohms'"'’' 

o'corcTW^^ to tne ipiti’a, poi„t 

O 1 r TU . PWers should not exceed 0.01 ohms. 

8.1.5 The maximum conductor resistancp ti, Mrvn 

as described in" plJSgr'iVHta?*''®"''""' exJLd^O.orjhmsI' Spt 

- -s «‘i“- 

or co„„e?i?^„* "rstJK 

"I’liliSS ir»‘^'"™“"Sidg ‘f ‘He pro- 

inductors 


Ground conductors 

^>'oughs, or (yfthin 
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R 2 4 The ground conductor should only be placed in 

If it must be routed through metallic conduit both of the condut 

s,„„,d bfbrnf to the grounding conductor ^~,8-",-,tonductons should 

rn5urt1vr;eeaance*ttrt*w]ll'5lde flow of surge current along the 
conductor. 

R 2 R Wire-to-wire and wire-to-ground rod connections should be made only 

JSlIsISrnu^s':^ ^p“eJl;31c^a'iry:nSI ^r^bS^sL? connections .ay be removed 
for test purposes. 

i:.1,:;irffcI^*oS’r;a,rtira::e^^5Te:iirg^ 

^n^roird SfrlMfdfat-airJSfbl^sCl^ rJ^gln of 

rs^cii'iirg!-^^ 

8.3.3 The designated P, A, N and I segments of the HGB should be clearly 
identified. 

::: 

9 . POWER SERVICE PROTECTION 

9.1 The minimum protection for a.c.^power ^e^^Jg^g^lJtric power secondary 

should consist of a suita determining that the characteristics 

circuit. The borrower is ’"^sponsible f dielectric strength and 

of the secondary power iteL of ac powered equipment in the 

surge current carrying include heating, air conditioning equip- 

ceSral office. These items would include neaiig,^^^. ^ 

Tnt, etc. This ^Xd'^a ralJe device to prevent power 

breakdown not exceeding J^^J/^gcondary arrestor is available which will 
follow current. At least one se Y j^^gg^j^down arrestors may be more 
breakdown on 1200 volts .ho^ However, when the condition described 

expensive than the 1800 volt arrestor. ^^Howev 1200 volts. 

In Paragraph 9.3.1 ®>'lflL''’*oJ3ed'^w1th only a 1200 volt secondary arrestor 
ifre^rcS;frhrth7o?\rcJ^tn^iion. 
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9.2 


In some instances a secondary power arrestor Ko 
power company to protect its watt-hour meter ^thf the 

ice. These devices may not be suitable for nv^n-f- x? building servicf 
«nt because thev are (ich^itv j.. _ P’^ot^ctinq central 


f.Tocect Its watt-hour metav. ,^ 4 ., r'^viaeo by tha 

entrance. These devices may not be suitable foJ LJ ^iJi^ding servicf 
equfpn^nt because they are usually designed to coSw^'^® central offic 
dielectric strength of watt-hour meters fusua?lv Q ? iA® with the 
n.rnally too high for telephone po^er equStf 

9.3 ' 


meters (usuall 

lly too high for telephone power equipment. 's 

The use of a secondary arrestor fn ny<n^■an^^ 4 .u 

.ec<,.dar1U"ls?or1"h*^ve’ a^TapId^^Do'"® '“''s" 

tM ?oafcenW*'^?h‘' “™"ted"e1thTart*h 

a^rosto. fr„ the load cente. to o^‘lp1tfor'‘ 

^•3.1 Jfj after the in«;f-aiia 4 -,*^ 


ine weather head, with at least 

TsT'^lf''™" *“ dperatl’m'r"' ““^“'"^*'■"9 tt 

pri>lectorral‘sho'm'‘jrFig5®p !'rr°°"‘*®^9-TSs°''a smi 

-event the t„5e Fr™ hcdlntJ^^ S*" 

■ ^^M^-^LMICg WAVE msTJI. aTro.fo ' 

in 1 n-j. ■~" 


— ""- i-ni 

10 ? naf < ‘9 direct lightning 

^ ■ cojij -- -ocated e«p.„t a. 

"• itECTPOSMTIC 4 F. rer ‘'>P grounding 

-^^^^^^-ULECTROrnGNETtF c. „ 


toe Office ^"UUIO c 

u E PhaV,! tK e dctSonTl? ^ 

'^'-cdUs Dart. "5 '®‘=‘^'’=“at1c Charg, 

^arSlde“r'^ or d1g,ta, . ' ’ ■ 

^rfiictors field 

^•^'isitive components *»«* 

ents can be 'perman^lgliv 
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Hamaaed when voltages higher than their breakdown point are applied to them. 

The human body can develop and store a charge of up to 40,000 volts by walking 
across a nonconductive floor during periods of low humidity. Because of this, 
c:necial provisions should be applied to prevent circuit component damage from 
this potential hazard when handling printed circuit cards designated by the 
supplier to be sensitive to static discharge. 

11 ^ The accumulation of electrostatic discharge by a body may be reduced in 
a confined area such as a central office by increasing the relative 
humidity. Body electrostatic accumulation, at 6Q% relative humidity, is 
minimal ' Even at this excessive humidity level there is no guarantee the 
2 pJtrokatic build up is eliminated. Further, the humidity may also cause 
nouioment contamination, corrosion, or leakage path problems on the printed 
circuit cards and associated components. Such problems can produce either 
permanent or intermittent troubles. 

11 A Thpnp are two kinds of electrostatic conditions that produce equipment 
Problems! dTreeJarc into the electronic equipment, and radiated energy 

Kfch^rS51leJ^rostatic energy c^ create^ajocalu^ voltage (electnej 

nlli^wnTarse plSert Iqulpment damage and/or logic circuit errors. 

12 . RFNFRAL ENVIRONMENTAL & HAN HIING REQUIREMENTS FOR ELECTR0STATIC _:i 
SENSITIVE EQUIPMENT 

12.1 Proper environmental and handling e»nsiderat1ons for electrostatic 

•trn IZ'IZ ^'Thrge e a ?L‘?eSSLd lS Paragraphs 12.2 and 

l^.fwiU reSicl-thl grraWinS of equipment damage. 

12.2 The following environmental conditions should be provided wher 
possible; 

T 1 .J 1p\/p 1^ should bo insnnt&inod sinco 

12.2.1 Appropriate ’"f^^^J'^^ale^f^oreVeadily under very dry climatic 

static charges accumulate more reauu ^ humidity recom- 

conditipns. Refer to the equipment manufacturer s 

mendations. 

12.2.2 Adequate air and dust filters should be Installed In a1r ducts. 

12.3 The following precautions 

and equipment maintenance procedures. 

12.3.1 Grouping. jiraps being^ 

9 iloof ' acturer ‘ r?ecommendations 





jp* (# 
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5 hou?d be followed for installation connection to ground, and maintenance of 
tbe floor to preserve conductivity. 

L?,1,3 Printed circuit cards should not be touched or handled by their 
components or connector pins. 

1? 3 4 The repair or modification of circuit cards should not be attempted 
in the local office. Units should be returned to the manufacturer 
for repair if tests have been made which show that particular cards are 
defective. An adequate stock of spares should be maintained in proper storage 
containers. 

12.1.5 Conductive printed circuit card containers should be used as recom- 
mended by the equipment manufacturer. 

12.3.6 Where the Enable/Disable feature is provided and the manufacturer 
recommends no card should be inserted or removed until the 

Enable/Disable switch is in the disable position and/or the card slot 
connection is disabled by software command. 


12.3.7 Only the grounded conventional or isolated a-c ground convenience 
outlets located in the IGZ may be used for operating tools test 

equipment and custodial equipment inside the IGZ. Refer to the equipment 
manufacturer's instructions regarding the use of a-c tools or test equipment 
in the equipment area. 

12.3.8 Steel wool, steel wool pads or dry untreated cloths or mops for floe 

maintenance should not be used. ° 

12.3.9 J1“J’;escent lighting components should be replaced. These 

baiust tJSJsrtraers fluorescent tubes’Sr noisy 

power supply lines aiid systems. Hems may Introduce noise Int 

*^ould be In good 

I’lbuS-off'^statlc'chargeror ^-conductor cords to 

transients. brush-noise generated radio frequency 

equipment bbould"S5t’be’5tSd ’’onei-.t w**® "WhUfacturers switching 
Equipment should he rem w 

»e<™tle"iihe-wanSi"'’®v'°"*- °“^®'’«''™1s'ls'not'*Dosslhi'"'’i‘’'^ removing 
Hlre-wrapplng tools with IhdUUted’bitf 
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is°j^d“nSbrs.'trs»carci:srtSs]e:fs°in^^ 

line and generate magnetic fields. 

12 5 The following precautions should be observed for magnetic tapes, floppy 
discs, and other memory devices: 

12.6.1 Motor driven equipment should not Jocated adj^ent^to tape^ 
l™ingrtr?SrcreariIs-erf'ro?;te^ejrr:;^ outside of the lOZ. 

12.5.2 Magnetic »PP^7t“%"/trp'’?i:rds'p?oduS b7sucS''lSs!%r 
example, "af frasSlSgfu.^retrfcnUivers Sr electric motors. 

u ,TA ho ctnrpd in radio frequency tight high mu 
cLinets to avoid information loss. 

13. nTc;r.HARGE PLATE_S , u ih 

13.1 For protection of static sensitive ^equipment, ^all^^^^ touching or 
fully discharge any static ch g ^.^ally important in common 

handling any part of ^he switch. This^is^espec^^^.y^ switching area 

control areas. . -Lg plate before touching any part of the 

tss EVSIS'S '~?-S.S — — 

13 2 Installation of ®'®b*''°®'^®’^''4jlH'^py'^the*'equtpment” manufacturer. They 
where they have ho* " PPP^’f^Srer htS bSen consulted for recom- 
should not be installed until ^p-f^ons. The shape and method of 

mendations on locations an ?g°^'^^,Q^pllshed in a manner that will '^'5^j^g®ug,®qg 
attaching the plates should be accompi^ equipment. Personnel discharge 

2tSrS!iSul°d bSToSSSL! where practical, at intervals within an arms 
of any maintenance location. 

13.3 supplemental discharge plates may also be provided by: 

13 3 1 Hinged metallic doors when they 5''® ^Conductive paint 

Z; JSlertrth^r^^l-- Tnorshould be left bare. 

IJfc'h l^rellctHcanJ ?rnecre5’?o%i;rVru'nde"gr?rw1rf Inside 

the electrical box. 

13.4 Warning Signs: "Jside^the CO°where%hey can be easily 

equipment area entry doors and insi should be worded to warn 

re^sod^S ?re1l"elt?oI?Ki^ the need for discharging 
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body static before handling equipment. 

ig-l-ICATiON T O ELECTROMCnHantrei cvsTr„. 

Idiere selectively applied 

^roM * fhf b'ftorically difficult to orntirt L ’'o’oable 

entrance panelboarran‘d*the S‘SuId°be‘'estab1ished.^‘' 

Office ?s'?oca?ed'sho*1d\eV'ov?ded"' (^eVp'jragreph^l^.'f 

ground field?"”^ t“«r\™™d"%gtni'ng r°oVSroSnds‘'an"d th1“cl„"trl?’office 

14.2.4 Common bondinq of nvaf-aiiiv 

recommended by the Nati^al^ElectrSlTodf Provided as 

14...5 .rounding conductors should be routed as described in Paragraph 3 . 3 . 

the » and the « may be combined in a 

SmS-’ »;t?5„^^^4rger frame ground strap to the positive (t, 

14.3.3 Establishment of a small rr? m u 

<<escribld"']n'ivHs"’'*y®''*“"'^^^ 

1 pn p r thp MGB * 
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APPENDIX A 


VOLTAGE EFFECTS FROM RISING SURGE CURRENTS 


1. GENERAL 

sis‘.!’rsi -r “S sr •s.?ss - 

gfoundlSg conductors in central office buildings. 

1 2 Every conductor has self inductance which provides occur 

betweeil1he"Sstf f groundiSf conlcS'^JnSg Ihe p'eriod a surge current is 

'fforfn^ lhrs .potential difjrence shou^^ 

Sj1?r?Rrp7erafcan^a5perh.'sru^d':o*t be located so personnel can touch 
both simultaneously. 

2. self-inductance 

5J'ounfliJe'rn'arr%^plasti?cSJdun«'ie";;o'^ 

Lg . 0.06U ^log^ 48*- 0.9^ 

Where- Lq = Self inductance in microhenries ( H) 
a * Wire length in feet 
d = Wire diameter in inches 

2,1.1 All grounding (0*^162'' (O^lcmr diameter) and 2/0 

probably be made us ng only #6 (0.16Z ^u.^cm;^ 

(0.3648" {0.927cm) equatU^U) the self inductance for 30 

^t^ISlmro/rw^rlflri-u/aSS Tt^Z/O UT3.4 uH. 

2.2 The self inductance (Lg) of a ground wire in steel conduit where ends 
of conduit are not bonded to wire is g 


Lg = 0.06U flogg 48a - 0.95 + 1200 log^ ^ \ 

V “ d/ 

Where; 1200 = permeability of iron (estimated) 

= outside diameter (00) of conduit in inches 
d, - inside diameter (10) of conduit in inches 


(2) 
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/. M The self fnduct ion of the 30 ft. (9.1m) lengths of M and ?/n .w 
encased in unbonded rigid steel conduit with an OD of 1 
‘ ro of 1.049in (2.66cm) may now be determined from equation fP) 

Of the #6 wire Is 511.2 „H and 2/0 is 50^7 uH. 

^ 


-4 grounding conductor 30 ft. (9.1m) Iona wnuTd nnf l 

in steel conduit, A more common use of conduit is fnio plflced 

"^rfuctor through a wall via a one foot Vo 3ni? ifnn+u 1 carrying the 
of #6 «ire through a one foot (0.3m) JnbS 

f inductance of 16.8 uH and 2/0 will have 16 8 will 

Inductance of one foot {0.3m) of wire in cfoni self 

^t. f9.l«) of bare wire in air. fii^her than for 30 


LEVEL FROM SELF INDUCTAMOF 


J;’ ?3th of'c1nl"c?or‘h^N„7the‘'J^^^^^^^^^ ‘?f ''^“elop across a 

'-S rouage is stvee b. the d"?f)e'ren1?arr1u«oJsMp'r*^™^ 

p = I rfi 




hi. I 

oaragrai 
'C &ii I d big 


e = L .iL 

dt 

6 “ voltage 

L : inductance (Henries) 

-t -• J„" ?r?s‘e'o^^ir^^ 


(3) 


^0 Bic4secoIS^th^ougrthe°30^ft'’fri''l°h'’®''®® a rise time 

: desj^i/jr; 


p,?? = 2980 volts 

’•3-2 this wire is pi- rf ' 

described i„ PaVagr^ <" ""bonded 30 ft ( 9 .i„, ^ 

J6 = 102. ?an 


■3.1.3 


#6 = 1 o 2 ,j 4 o volts 
2/0 ' 101.940 volts 


, fSS,“[e‘\Vr’^ --ri'bed Tp 

b one foot 

« -»Her 

Of 2/0 Wire. of bare #6 wi 
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and Tip Cable Arrangeroents 




FIGURE 4 

CABLE ENTRANCE WITHOUT VAULT 
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4PPTr<?Tim AND BRANCH CIRCUIT ROVER SERVICE PROTECTOR 
TYPICAL installation OF SECONDARY ABRESTER mi) 

FIGURE 5 







FIGURE 6 - CENTRAL OFFICE PROTECTION GROUNDING 
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